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INTRODOCTION 
The increasing importance of the lima beans as a substantial cash 
crop for the growers or farmers and as a quality food for the consumer 
has initiated many investigations directed towards improving its 
quality as a vegetable crop. Lima beans are well suited for processing; 
hence , studies of the quality of different varieties in relation to time 
of harvest have been made . Host processors are in agreement that the 
beans attain maximum quality before they are fully mature . After that , 
the yield and size increase whereas the quality decreases. 
The majority of the earlier workers on fresh and frozen lima beans 
reported only a few constituents. Not many pa,;ers have been concerned 
with vitamins . Yamaguchi , Macgillivray , Howard, Simone, and Sterling 
(1954) analyzed 16 constituents of lilr.a beans which included ascorbic 
acid, thiamine , riboflavin, niacin, and carotene. Munsell, Williams , 
Guild , Troescher, Nightingale, and Harris (1949) analyzed 13 constitu-
ents, inc ludine the vitamns previously mentioned, of lima beans (_!::. 
limensis) grown in Honduras. The effect of variety, maturity, and can-
ning procedures on quality and nutritive value of lima beans was studied 
by Kramer and Smith (1947). Vitamin C, however , was the only vitamin 
reported in this paiJer . The effect of stage of maturity on the quality 
of liir.a beans for ;Jrocessing has been studied by Rahman (1954) and 
Salunkhe, ,·ollard , and Wilcox (1957). Vitamin content was not reported . 
In many studies of the composition of lima beans , the variety and the 
species were not identified . 
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From the nutritional point of view, thiamine is known as the anti-
beri beri vitamin. Characteristic siens of thiamine deficiency are loss 
of weight, of appetite, and of energy. Po:cyneuritis and degeneration of 
peripheral nerves usually occur in the advanced stage. Riboflavin is 
concerned with the general well being and health of the individual. 
Symptoms of a deficiency are glossitis and cheilosis. Certain charac-
teristic symptoms of the disease, pellagra , are caused by a shortage of 
niacin. Deficiencies of the other B vitamins are also involved in 
pellagra. That is, combined symptoms of several of the B vitamins are 
often found associated together. Cases of deficiency are common among 
the oriental countries where their staple food is polished rice. 
~ 
Lima beans and other beans are considered a good source of vitamin 
B complex; hence, findings from this study should be useful to the 
or'~ental people who use rice and vegetables for most of their diet. 
Since ffm studies have been made relating vitamin content to prac-
tices used in harvesting and preparation for processing, it seemed 
desirable to investieate this relationship. The purpose of this study 
was to determine the influence of variety, harvest time , and brine 
separation on the thiamine, r iboflavin, and niacin contents of green 
lima beans. 
A detailed study of methods to use in predicting harvest time of 
lima beans which would obtain maximum yield of ;>rime quality beans has 
been made by the Horticulture and Foods and Nutrition Dej.iartments of 
Utah State University in cooperation with the Western Utilization Re-
search Branch of Albany, California. The study herein reported is a 
part of this larger study and included only the thiamine, r iboflavin, 
and niacin analyses of l ima beans taken from the larger study. 
REVIEW OF UTERATURE 
A survey of the literature does not reveal many reports on the 
vitamin content of green lima beans as related to variety and the har-
vest time, However, determinations of quality related to maturity 
have been reported by many research workers. 
.3 
Yamaeuchi, Macgillivray, Howard , Simone , and Sterling (1954) 
analyzed 6 varieties of fresh and frozen lima beans grown in various 
l ocalities . The data for 9 constituents and the following vitamins, 
alpha carotene, beta carotene, vitarrl.n A, ascorbic acid, thianine, 
riboflavine, and niacin, were reported for 3 maturities. The~· stated 
that the Fordhook type received higher organoleptic scores for cotyledon 
texture, whereas the baby limas type generally had a higher nutrient 
content. Ascorbic acid and carotene decreased with l!laturity, while 
little change occurred in the B vitamins, thiamine, riboflavin , and 
niacin, The content of carotene, thial:line, riboflavin, and niacin was 
somewhat lower after blanching and freezing in all maturities tested. 
A high correlation between organoleptic rating and specific gravity 
was found by Lee (1948) in his studies of maturity of frozen lima beans. 
In a study of starch, alcohol insoluble solids, and total solid 
conducted by Rahman (1954), it was found that starch and alcohol insol-
uble solids increased with advance in maturity. There was a decrease in 
percenta~;e of moisture as the lima beans advanced in maturity. 
Kramer and Smith (1947) recommended that lima beans should be har-
vested at an early state of maturity for a high quality canned ~educt. 
Blanchin;: temperature and tine of blanching may result in losses in 
1rutritive val ue with no gain in quality. Hence, these factors must be 
controlled. Losses of vi tami.ns a.s the res :D. t of blanching were shown 
also by Wagner, Strong, and Elvehjem (1947a , b) . 
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METHOD OF PROCE!lJRE 
The lima beans used in t h is study were planted an the sandy loam 
sail of Farmington Field Station of the Utah Experiment Station an May 
21, 1956 . The h varieties were as fallows: Clark ' s Bush , EarJ.y 
Tharogreen, Concentrated Fordhook , and Limagreen. 
The harvest times were divided into 5 periods with an interval of 
h or 5 days. Clark's Bush, Early 1harogreen, and Limagreen were har-
vested on August 17, 22, 27, 31, and September 5 , 1956. Concentrated 
Fordhook was harvested later on August 28, September 1, 6, 11, and 15, 
1956. 
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The beans were washed and blanched in boiling water for 3 mil'llltes 
and then separated into h lots, using a modification of the method of 
Clark, Lombard, and l1hi ternan (1940). Lot 1 was the beans that floated 
in 12 percent brine (hf' salometer); lot 2, beans that floa ted in 15 
percent brine (57° salometer); lot 3, beans that floated in 18 percent 
brine (67° salometer); and lot h, beans that did not float in 1 8 percent 
brine. After this separation, the beans were washed to remove excess 
salt and frozen in No. ~ cans • 
The determinations were made on frozen samples for h varieties, 5 
harvest times, and h brine separations in duplicate except for niacin . 
The following determinations were made : 
1. The percentage of moisture . 
2. Thiamine content per 1 gm. of moist weight. 
). Riboflavin content per 1 gm. of moist weight . 
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4. Niacin content per 1 em. of noist weight. 
The percentage moisture for eacr. sample was deternined by weiit.ing 
ground samples, placing in a dehydrator for 2 hours, and then putting in 
vacuum oven at 77° C for 6 hours. The calculation was done from the 
total weiGht. 
Thiamine, riboflavin, and niacin analyses were made by methods out-
lined in Method of Vitamin Assay (1951). The amount of thiamine was 
determined by chemical method which converts thiamine into thiocrome. 
The thiocrome fluoresces in ultraviolet light, which was then read in a 
Coleman No . 12 photofluorometer. 
The riboflavin content was also measured by the fluorometric 
nEthod. The intensity of fluorescence is proportional to the concentra-
tion of the vitamin in a dilute solution . 
The niacin analysis was made by the chemical nEthod which is based 
on the reaction of niacin with cyamogen bromide to give a pryidinium 
compound. The latter undereoes re-arrangement, yielding derivatives 
that couple with aromatic amines to produce colored compounds . Unde r 
proper conditions, the density of the color produced is proportional to 
the niacin present. The color was read on a Junior Coleman Spectro-
photometer rio . 6a. 
Statistical analysis of data 
There were 5 samples of lima beans missing between the first harvest 
time and through the fourth harvest time. An estimated fi,;ure of 
thiamine and riboflavin content was calculated for statistical purposes . 
The calculation was made on the basis of trend shOIVn at different per-
centage among varieties to complete data. The figures in parenthesis 
in Appendix tables 1 and 2 are the figures that have been estimated . 
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The thiamine and riboflavin data were treated statistically accord-
ing to the analysis of variance (Cochran and Cox, 1950 ). 
Experimental ~ 
Experimental error is esti mated by calculating the mean values and 
the standard deviations from the means of results of duplicate samples. 
The standard deviations from the means for 25 duplicate samples of 
thiamine and of riboflavin were found to be as follows: standard 
deviation for thiamine is 0 . 1266 and riboflavin 0 .1220. 
RESULTS A~ffi DISCUSSION 
In presentinG the foll011i.ng results only those which were statis-
tically significant are discussed. 
Thiamine 
A Slll:I!Ilal"'J of the results of the chemical analJ:;liS of the thiamine 
content of frozen lima beans in micrograms per gram is shown in 
Appendix table I. 
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The missing samples in the fifth harvest time of the Limagreen 
beans made it impossible to include this harvest time in the statistical 
analysis. Hence, analyses were made in 2 ways . First, analysis of 
variance was run for 4 varieties by 4 harvest times and the second, for 
3 varieties by 5 harvest times (table 1). 
The statistical desiLn was a completely randomized design , sinGle 
replication, with a factorial selection of treatment. The hieh order 
interaction is used as a measure of error . The two-way tables of thia-
mine content are presented in tables 2, 3, 4, 5, 6, and 7. The effect 
of harvest time, variety, and brine separation on thiamine content is 
more easily seen in graphic form in figures 1, 2, 3, and 4. 
~ times . Thiamine content decreased as the days of harvest 
increased (table 1 ) . Each variety showed this decrease when either the 
4 or 5 periods were considered (fit;Ures 1 and 2). This finding is in 
aereement with results re,>orted by Yamaguchi, et ~· (1954) who found a 
slight decrease in vitamin content with increased maturi ty . 
Variety. The thiamine content of the Limagreen beans was from 8 to 
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Table 1. Analysis of variance of t.!)iamine content of l ima beans 
4 varieties x 4 3 varieties x 5 
Source of variation harvest tines harvest times a.r. llean squares Cl.l' . !lean squares 
Total 63 59 
Harvest time 3 .o6oo ( .01 ) 4 .0744 ( . 01) 
Var iety 3 . 1299 ( . 01) 2 .0082 
Brine separation 3 . 0257 ( .10) 3 . 0152 
Harvest timex 
Variety 9 . 0019 8 .0016 
Harvest time x 
Br ine separation 9 . 0173 12 .0039 
Variety x 
Brine separation 9 . 0125 6 .0174 
Error 27 . 0095 24 .0059 
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Table 2. Thiaclne content in r.ricroc;rarns per ,;ram of lima beans for 4 
varieties by 4 harvest times 
Variety Harvest tiJOO Average Standard 1 2 J ~ error 
Clark's :&lsh 
. 833 .810 • 732 .667 • 760 
Early Thorogreen .816 .736 .665 .645 .716 
.0244 Concentrated Fordhook .775 • 766 • 700 .666 .727 
Limagreen 
.953 .934 .902 .652 .no 
Average 
. 844 .812 • 750 • 708 
Standard error .0244 
Table 3. Thiamine content in micrograms per gram of lima beans for 4 
varieties by 4 brine separations 
Variety Brine se~ration Average Standard Lot I Lot :1 Lot j Lotli error 
Clark' s Bush 
.811 . 80) .713 .715 • 760 
Early T.'"rogreen .656 .721 .662 .623 
-716 
.02h4 Concentrated Fordhook • 747 .677 • 711 .772 .727 
Limagreen 
.897 .676 .853 1.016 .no 
Averaee 
.778 • 769 .734 . 8)1 
Standard error 
.0244 
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Table 4. Thiamine content in micrograms per gram of lima beans for 4 
harvest times by 4 brine separations 
Brine separation Average Standard error 
Lotl .945 . 831 .697 .637 .778 . 
Lot2 .871 • 761 .718 .727 .769 
.0244 
Lot) • 759 • 777 .716 .685 
-734 
Lot4 .Bol .876 .868 • 780 .831 
Average .844 . 812 .750 .708 
Standard error .0244 
Table 5. Thiamine content in micrograms per gram of lima beans for 3 
varieties by 5 harvest times 
Variety Harvest time Average Standard 1 ~ j 4 ~ error 
Clark 1 s Bush 
. 833 . 810 .732 .667 .624 • 733 
Early Thorogreen . 816 • 736 .665 .645 .6o9 .694 . 0171 
Concentrated Fordhook 
.775 • 766 .700 .666 . 615 • 704 
Average 
.808 • 771 .700 .659 . 616 
Standard error 
.0221 
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Table 6. Thiamine content in micrograms per eram of lima beans for 3 
varieties by 4 brine separations 
Variety Brine se~ration Average Standard Lot i Lot Lot J Lot!i error 
Clark ' s fush . 774 -776 .791 . 693 • 733 
Early Thorogreen . 641 . 697 . 639 .Boo .694 .0192 
Concentrated Fordhook • 716 .653 . 689 .759 .704 
Average .no .708 . 673 . 751 
Standard error .0221 
Table 7. Thiamine content in micrograms per gram of lima beans for 5 
harvest times by 4 brine separations 
Brine Standard 
se~ation Average error 
Lot 1 . 872 . 800 . 655 . 624 .600 .no 
Lot 2 . 826 . 737 • 704 . 668 . 607 . 708 
. 017 
Lot 3 • 738 .719 . 688 .636 . 583 .673 
Lot4 • 796 . 826 • 750 .708 . 673 . 751 
Average .808 .7n .700 . 659 . 616 
Standard error .0192 
2l 
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Fi~re l. E.ffect of 4 harvest tir.Jes on thiamine content of 4 lima beans 
varieties 
"-. 
. l _ _ I 
2 3 
Harvest time 
Fi [;ure 2. E:ffect of 5 harve3t times on thiamine content of 3 lima beans 
varieties 
» "'fATE UNIVERSITY.~ UTAM Q 
25 percent higher at each date of harvest and each of the brine separa-
tion lots than that of the other J varieties , Clark's Bush, Early 
Thoro green, and Concentrated Fordhook (tables 2 and 4). This is also 
shown in the mean values represented by t he bar graph in figure ). When 
the 4 varieties were considered (table 1), differences between varieties 
were significant at the one percent level. However, when the Limagreen 
beans were omitted, variety differences were not significant. 
Brine separation. The 4 varieties showed variability in their 
patterns of thiamine content when plotted against the 4 brine separations 
(figure 4). Two of the varieties had considerably higher thiamine con-
tent for the fourth lot of beans. 
Riboflavin 
In Appendix table II are shown the results of the chemical analysis 
of riboflavin content of frozen lima beans in micrograms per t;ram. 
Two-way tables of r iboflavin content are presented in tables 8, 9, 
10, 11, 12, 13, and 11!. The effects of variety, harvest time, and brine 
separations on riboflavin content are shown in the graphic form of 
figures 5, 6, 7, and 8. 
Harvest ti.Joo. 
-----
Riboflavin content decreased as the tirna of harvest 
increased for either 4 or 5 harvest tioos as seen in fi L'U res 5 and 6. 
Yamaguchi, .=! ~· (1954) also found a decrease in riboflavin content 
with increase in length of harvest tirna . 
The riboflavin content of the Limagreen variety was slightly 
higher than the others (table 8), so when 4 varieties were studied there 
was a significant difference between the varieties. But when the Lima-
green was omitted the analysis of variance became non-significant. 
Brine separation. As the brine concentration increased, riboflavin 
~ Clark 1s Bush 
_§ 
:·.>.::~CJ Early Thorogreen 
~ Concentrated Fordhook 
Ennm~111 !!illll;r11;::, ;::. rmm::~uu.r ~ Limagreen 
.5 .6 . 7 .8 .9 
Thiamine in micrograms 
Figure .3. Thiamine content of lima beans 
1.0~ 
' c 
' 
..-< 
.7-s 
.i / 
~ .6-
J 
.s l 
1 
I 
-~2:-----:.3!:--------t­
Lot 
Limagreen 
Clark's Bush 
- ··- ·· - Early Thorosreen 
- -- -· Concentrated Fordhook 
Brine separation average 
t Standard error 
Fit;Ure 4. E.ffect of brine separations on thiamine content of 4 lima 
beans varieties 
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Table 13. Analysis of variance of riboflavin content of lima beans 
Source of variation 4 varieties x 4 3 varieties x 5 harvest tiroos harvest tiroos 
d . f . )lean SS,:!ares d . f. !olean sguares 
Total 63 59 
Harvest time 3 . 8030 (.Ol) 4 . 0675 ( . 01) 
Variety 3 . 0323 ( .01) 2 . 0144 
Brine Separation 3 .0278 ( .01 ) 3 . 0110 
Harvest time x 
Variety 9 .0053 8 . 0041 
Harvest time X 
Brine separation 9 . 0051 12 .0041 
Variety x 
Brine separation 9 ,0075 6 .0067 
Error 27 ,0053 2h .0055 
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Table 9 . Riboflavin content in micrograms per gran of lima beans for 4 
varieties by 4 harvest times 
Variety Harvest time Standard 
l 2 2 ~ Averaee error 
Clark 's Bush • 752 .712 .607 .542 .653 
Early Thorogreen .736 .614 .581 .552 .621 
.0182 
Concentrated Fordhook . 635 .624 .590 .540 .597 
Lima green .827 .674 .657 .647 .701 
Average ,7)8 .656 .609 .570 
Standard error .0182 
Table 10 . Riboflavin content in micrograms per gram of lima beans for 4 
varieties by 4 brine separations 
Variety Brine seearation Average Standard I:Ot:I l':ot: 2 LOt: ) l':ot: li error 
Clark's fush • 727 .695 . 639 .553 .653 
Early Thorobrreen .587 . 665 .611 .621 .621 
.0182 
Concentrated Fordhook .643 .582 .592 .572 .597 
Limagreen • 761 .752 .677 .614 • 701 
Average .679 . 674 .630 .590 
Standard error .0182 
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Table 11. Riboflavin content in micrograms per gram of lima beans for 4 
harvest ti100s by 4 brine separations 
Brine separation Harvest tfiiie 
Lotl .783 .694 .694 
Lot2 .781 .679 .632 
Lot3 .7)6 .6h6 .554 
Lot4 .649 .605 .556 
Average • 738 .656 .609 
Standard error .0182 
.545 
.602 
.583 
.551 
.570 
Average 
.679 
.674 
.630 
.590 
Standard 
error 
.0182 
Table 12. Riboflavin content in micrograms per grruo of lima beans for 3 
varieties by 5 harvest ti!OOs 
Variety Harvest ti!OO Average Standard I :! :l 4 > error 
Clark's Bush .752 .712 .607 .542 .542 .631 
Early Thorogreen • 736 .614 .581 .552 .541 .605 .0166 
Concentrated Fordhook .635 .624 .590 .540 .498 .577 
Average 
.708 .650 .593 .545 .527 
Standard error 
.0214 
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Table 13. Riboflavin content in micrograms per gr am of lima beans for 3 
varieties Qy 4 brine separations 
Variety Brine se~ration Average Standard EOt: ! tot: LOt j I:Ot4 error 
Clark ' s Bush .674 .676 .624 . 550 .631 
F.arly Thorogreen . 576 . 645 .593 . 605 . 605 , 0185 
Concentrated Fordhook . 610 .570 .576 . 553 . 577 
Aver age . 620 . 631 . 598 . 569 
Standard error .0214 
Table 14 . Riboflavin content in micrograms per gram of lima beans for 5 
harvest times qy 4 brine separations 
Brine Harvest titlfl Average Standard separation I :! ) 4 5 error 
Lotl • 741 . 654 . 686 .527 . 492 . 620 
Lot 2 • 738 .665 . 617 . 570 . 563 .631 
. 0166 
I.ot3 • 712 . 656 .544 . 543 . 533 . 598 
Lot4 . 640 . 625 . 525 .538 .519 . 569 
Average • 708 . 650 . 593 . 545 . 527 
Starxl.ard error 
.0185 
. 8 Liroagreen 
Clark 1s Bush 
Early Thorogreen 
Concentrated Fordhook 
Harvest time average 
t Standard error 
Figure 5. Effect of 4 harvest times on riboflavin content of 4 lima 
beans varieties 
Figure 6 . Effect of 5 harvest times on riboflavin content of 3 lima 
beans varieties 
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Clark 's Bush 
· :--'.-=:] Early Thorogreen 
-=:J Concentrated Fordhook 
JlillJTilJ [[[[[[j[J[JITliliilliiliJ Limagreen 
·" - .'s - 1; - . 7 .a 
Riboflavin in micrograms 
Figure 7. Ri boflavin content of lima beans 
Lima.green 
Clark' s Bush 
Early Thorogreen 
Concentrated Fordhook 
Bri ne separat ion ave rage 
t Standard error 
Figure 8 . Effect of brine separation on riboflavin content of 4 lima 
beans varieties 
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content of Clark's Bush, llJM.green, and Concentrated Fordhook varieties 
decreased (figure 8). Values for the Early Thorogreen beans showed a 
slight increase. 
Niacin 
The results of the chemical analysis of the niacin content of 
frozen lima beans are presented in table 15 . 
'!o consistent trend in the niacin data was shmm between varieties , 
time of harvest , and brine separation . This made the calculation of 
missine samples impossible . Hence, statistical analysis of the data 
could not be made . However, there was a slight tendency toward a de-
crease in the niacin content with increase in harvest tirae. 
RosenberG (1942) stated that the color developed by the method used 
is not specif!.c for niacin. A number of other pyridine derivatives give 
a sinilar color. The validity of this chemical method should be checked 
by analyses of the lima beans usin,; the r.~icrobiological method to find 
out whether the color which developed represented compounds other than 
niacin in addition to the niacin. In that way it could be determined if 
the niacin values as reported herein represent the true niacin content 
of the lima beans. 
In general, the Limagreen beans scored higher than the other vari-
eties in thiamine and riboflavin content . As the time of harvest 
increased, the contents of thiamine and riboflavin for the 4 varieties 
decreased . This may be the result of the dehydration of beans during 
the process of growing . A similar decrease was also noticed when the 
beans which floated in a weak salt solution (12 percent) were compared 
to the beans which floated in a more concentrated salt solution (15 
percent to 18 percent) • The fourth lot of beans , namely those which 
23 
Table 15. Niacin content of l:iJna beans in micrograms per gram* 
Harvest Variety Brine se~ation time I ~ j 4 Average 
Clark's Bush 9.22 12.37 16.80 9.34 11.93 
1 Early Thorogreen 3.59 4.97 5.14 4.57 
Concentrated Fordhook 5. 94 5.79 5.60 18.32 8.91 
IJ.magreen 10.00 1].08 13.45 18.89 13.85 
Clark 1s Bush 1$.12 10.27 11.76 14.04 12.79 
2 Early Thorogreen 4.71 3.35 6. 87 2.39 4.33 
Concentrated Fordhook 11.09 4.50 8.78 8.12 
IJ.magreen 7.98 17.35 6.12 10.48 
Clark 1 s Bush 1.62 18.81 6.51 8.98 
3 Early Thorogreen 4.17 15.56 4.37 6.83 7. 73 
Concentrated Fordhook 7.50 10.51 6.68 11.94 9.16 
Limagreen 10 .33 15.87 3.62 4.37 8.55 
Clark 1s Bush 6.53 8.42 12.02 3.60 7.64 
4 Early Thoroereen h.l6 7. 91 9.12 7.07 
Concentrated Fordhook 2.07 6.41 11.18 5.67 6.33 
IJ.magreen 4.32 5.00 3. 70 4.10 4.28 
Clark 1s Bush 8. 77 12.08 8.68 3.64 8.29 
5 Early Thorogreen 3.95 3.19 2. 88 3.33 
Concentrated Fordhook 6.15 6.18 8.78 6.03 6. 78 
IJ.magreen 3.38 3.38 
Clark 1 s Bush 8.25 10.78 13.61 7.43 
Average Early Thorogreen 4.16 6.40 5.50 5.31 
Concentrated Fordhook 6.55 6.68 8.20 8.39 
IJ.rna.green 8.16 12.82 6.04 8.37 
* - rooans no sample available. 
sank in an 18 percent salt solution, showed a further decrease in ribo-
flavin, as compared to lot three, and a slight to sharp rise in thiamine 
for three o! the varieties studied. 
Other tests made by Salunkhe, Pollard, and Wilcox (1957) showed 
that as the brine concentration increased, the contents of total and 
alcohol insoluble solids were increased and quality appraisal scores 
for color, flavor, and cotyledon texture were decreased, regardless of 
the harvest time . Results were similar for these. tests f rom all S har-
vest periods. It is interesting to note these relationships, since the 
thiamine and riboflavin values did not show this same trend. 
A possible explanation for the variability in the niacin values 
has already been discussed. 
2S 
SUMMARY 
Four varieties of lima beans, Clark's Bush, Early Thorogreen, Con-
centrated Fordhook, and Limagreen, were grown at the Farmington Field 
Station of the Utah Experilll3nt Station, The purpose of this study was 
to detennine how variety, harvest time, and brine separation influenced 
the amount of thiamine, riboflavin, and niacin contents in frozen beans. 
The plants were harvested at S different dates and separated into 4 lots, 
using brine solutions of 12, lS, ~~d 18 percent. 
The Limagreen variety had a higher thiamine and riboflavin content 
than tha t of the other J varieties tested. 
As the lill'.a beans advanced in the days of harvest , the thiamine and 
riboflavin contents decreased. 
The brine separation lots showed variability in their patterns of 
thiamine and riboflavin contents. There was a significant difference 
in thiamine content at the 10 percent level for the 4 varieties. The 
riboflavin content of Clarl, ' s Bush, Limagreen, and Concentrated Fordhook 
decreased as the brine separation increased, whereas the Early Thorogreen 
increased slightly . 
The niacin content of these lima beans detennined by a chemical 
method did not show any consistant pattern. 
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Appendix table I • Thiamine content of lima beans in micr oerams per gram 
Harvest Variety Brine se~ration* time I 2 j !i 
1 Clark 1s fush 1.028 . 900 • 739 .664 
Early Thorogreen .802 . 942 . 672 ( .848) 
Concentrated Fordhook • 785 . 635 . 804 . 875 
Limagreen 1.164 1.007 . 822 . 819 
2 Clark's Bush . 943 . 801 .724 • 771 
Early Thorogreen . 654 .719 . 647 .923 
Concentrated Fordhook . 804 . 691 .785 (. 785) 
Limagreen . 925 . 832 (.954) 1.025 
3 Clark's Bush .634 . 812 • 755 .729 
Early Thorogreen . 569 . 608 .691 • 792 
Concentrated Fordhook .762 . 692 . 617 .729 
Limagreen . 822 .762 . 801 1.223 
4 Clark's Bush . 6) 9 . 697 , 6)4 .697 
Early Thorogreen (.599) .617 .637 .728 
Concentrated Fordhook . 635 . 692 .637 . 699 
Limagreen . 677 .902 . 834 . 996 
5 Clark's Bush .625 . 668 . 6o2 . 602 
Early Thorogreen ( . 580) . 598 .547 .709 
Concentrated Fordhook .596 . 555 .6ol • 709 
Limagreen 
* The numbers in parenthesis are the rrumbers that have been estimated . 
Appendix table II . Riboflavin content of lima beans in micrograms per 
gram 
Harvest Variety Brine se~ration* time 1 2 3 4 
1 Clark 1 s fush . 950 • 784 • 718 .555 
Early Thorogreen .636 .891 • 700 (. 719) 
Concentrated Fordhook .636 . 539 . 718 .647 
Limagreen .911 .911 . 808 .676 
2 Clark ' s fus h .771 .718 • 759 .599 
Early Thorogreen .569 .599 .636 . 654 
Concentrated Fordhook .622 . 678 .573 (.623) 
Limagreen . 814 .718 ( .619) .543 
3 Clark' s fush .718 (.679) . 539 .493 
Early Thorogreen . 599 .599 . 555 . 573 
Concentrated Fordhook • 740 .573 .539 . 509 
Limagreen .718 . 678 . 582 .648 
Clark 1s Bush .466 .599 .539 . 565 
Early Thorogreen (.543) . 573 . 553 .539 
Concentrated Fordhook . 573 .539 .539 .509 
Limagreen .599 .700 • 700 .591 
5 Clark's &Ish .463 .6ol .565 . 539 
Early Thorogreen ( .535) . 565 . 523 . 539 
Concentrated Fordhook .479 .523 . 509 .479 
Limagreen 
* For the numbers in parenthesis see footnote of Appendix table I • 
Appendix table III • Moisture content of lima beans in percentage 
Harvest Variety Brino se~ration time Lotl Lot 2 Lot 3 Lot 1i 
1 Clarl< ' s Bush 75.63 73.25 69 . l3 62.46 
Early Thorogreen 63.04 71.26 64.!)6 
Concentrated Fordhock 79.64 76.17 72.66 67 . 60 
Limaereen 75. 56 72. 82 69 . 69 61 .34 
2 Clarl< 1 s fush 76.24 72.02 69.24 63.07 
Early Thorogreen 78.03 73.24 69 .04 
Concentrated Fordhook 79.64 76.17 72.66 67.60 
Limagreen 76.04 70.85 62.75 
3 Clark 1s Bush 78.36 72.24 65.10 
Early Thorogreen 76.30 74.46 70.99 
Concentrated Fordhook 78.78 77 .11 11.78 67 .73 
Lirnagreen 77.51 75.64 72.65 63 .34 
4 Clark's Bush 79 .38 76.07 73.09 62.14 
Early Thorogreen 77.76 74.24 65.63 
Concentrated Fordhook 80 .47 7h.21 71.20 68 . 56 
Limagreen 76.56 76. 02 70 .77 64.14 
5 Clark ' s Bush 77.26 74.42 71 .03 61.71 
Early Thorogreen 71.! .39 72.86 6].96 
Concentrated Fordhook 79.36 75.08 71.39 61.62 
Limagreen 67 .53 
